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ABSTRACT: VOx/Pt(111), which was grown layer-by-layer and exhibited a well-defined
structure, was used as a model catalytic surface to study the intrinsic catalytic activity of Pt,
as well as the effect of VOx additive, for the oxidation of propane. A special sample system
was designed to ensure a reliable analysis of the trace amount of model catalytic reaction
products. The results show that the catalytic activities for the oxidation of C3H8 on the
Pt(111) surface as adding VOx are suppressed apparently at temperatures below 400 K, but
enhanced significantly at temperatures above 400 K. Maximum reaction rates are achieved at
a VOx coverage of about 0.3 ML at the test temperatures of 423 and 473 K. The infrared
reflection−absorption spectroscopy (IRAS) results show that the redox property of the
VOx−Pt is much better than that of the bulklike VOx. This is confirmed by CO poisoning
tests, in that the oxidation of VOx/Pt(111) is significantly suppressed by the coadsorbed
CO. The kinetic data demonstrate that there are at least two catalytically active sites,
metallic Pt and VOx−Pt interface, for the activation and oxidation of C3H8. The promotion
effects of VOx on Pt for the oxidation of C3H8 can be attributed to the synergy between VOx and Pt.
1. INTRODUCTION
Oxide-supported metal nanoparticles constitute a type of catalyst
commonly used for catalytic application. The oxide used as a
support not only changes the dispersion of the active metals but
also modifies the activity and selectivity due to the interaction of
the metal−oxide interface.1 The oxide itself may also act as an
active component synergically enhancing the catalytic perform-
ance2−4 or involving a bifunctional catalytic system.5 Numerous
researches demonstrated that the perimeter of metal−oxide
boundaries plays a key role in the catalytic reactions, for




2 water gas shift
reaction on Au (or Pt)/CeO2 and TiOx (or CeOx)/Au(111).
3,8,9
Pt group metals have been extensively studied for the
(selective) oxidation of hydrocarbons and used for the
elimination of pollutants emitted by automotive exhaust and
power plants.10−16 Among which, platinum is the most active for
the complete oxidation of propane at low temperature11 and its
activity is significantly affected by the nature of the supports and
additives.12−15 However, the effects of the supports and additives
on the Pt-based catalysts for the oxidation of C3H8, as well as the
intrinsic activity of Pt, remain unclear despite that a large number
of researchers are focusing on this topic.12−15 VOx is not only an
effective additive for propane total oxidation14,15 but also an
active component for the partial oxidation of alkanes.17−30 In this
study, a single-crystal Pt(111) surface was used as a model
catalyst to examine the effects of VOx additive on the activity for
C3H8 oxidation. Structural characterization and kinetic measure-
ments demonstrated that the promoting effects of the VOx
additive depend on the VOx coverage and reaction temperature.
When combined with a home-built in situ infrared reflection
absorption spectrometer (IRAS),31 the synergistic effect between
Pt and VOxwas found for the enhancements of VOx on Pt for the
oxidation of C3H8.
2. EXPERIMENTAL SECTION
The experiments were performed in a combined elevated-pressure
reaction cell−ultrahigh vacuum (UHV) system. Sample preparation and
characterization were conducted in the primary UHV chamber (base
pressure, 2 × 10−9 Torr) equipped with an Auger electron spectrometer
(AES) and a low-energy electron diffractometer (LEED). An elevated-
pressure reaction cell is furnished with an IRAS for in situ collecting the
surface information and an online Agilent gas chromatograph (GC) for
evaluating the catalytic performance. ZnSe is used as in situ IRAS
windows, and a home-built sample system (shown in Figure 1) is used
for the kinetic studies. The two chambers are connected by a double-
stage, differentially pumped Teflon sliding seal feedthrough,32 which
allows the sample to be transferred in situ into the elevated-pressure
reaction cell. And the reaction cell can be performed at a pressure of
UHV to 1000 Torr.
A new sampling system was designed to analyze the model catalytic
reaction products using an online GC, as seen in Figure 1. With this new
system, possible reaction products including CO, CO2, CH4, C2H4,
C2H6, C3H6, and oxygenates for the oxidation of C3H8 in the reaction
cell with a pressure of just several Torr (much lower than the
atmosphere pressure of 760 Torr) can be efficiently compressed into the
GC sample loop and injected into the GC columns for quantitative
analyses with high sensitivity. Typically, approximately 80% of the
mixture of the reactants and reaction products in the reaction cell can be
injected into the GC sample loop, leading to a possible detection limit of
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10−12 mol. Note that the detection limit for an Agilent FID detector is
claimed to be 1.8 pgC/s. A regular GC sampling for most model catalysis
studies can only inject a very small amount of reaction mixture into the
GC column that is not sensitive enough, and the liquid nitrogen trap can
only collect those components with high boiling points.33 For the
oxidation of C3H8, some of the possible reaction products, like CO,
CH4, etc., cannot be trapped at the liquid nitrogen temperature under
vacuum conditions.
The Pt(111) single crystal (diameter of 10 mm, thickness of 1 mm)
was mounted by a tantalum wire. The sample is resistively heated. AW−
Figure 1. Schematic diagram of the sample system for compressing the model reaction mixtures from the in situ reaction cell into the online GC sample
loop for quantitative analyses. Step 1, the gas bag that was mounted in a vacuum chamber is pumped to vacuum; step 2, the reaction mixtures are inflated
into the gas bag; step 3, the reactionmixture in the gas bag is compressed into the GC sample loop and being ready to be injected into the GC columns. A
typical GC peak profile for a gas mixture of O2, CO, CH4, CO2, C2H4, C2H6, C3H8, C3H6, and iso-C4H10, and a peak profile for reaction products of the
oxidation of C3H8 on Pt, are displayed.
Figure 2. (A) V/Pt AES ratios as a function of the deposition time. (B) High-resolution electron energy loss (HREEL) spectra of VOx on Pt(111) with
various coverages. (C) Top and side views of a possible structure model for the V2O3/Pt(111) overlayer with a (2 × 2) arrangement. The films were
grown at 623 K.
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5%Re/W−26%Re thermocouple was spot-welded on the sample edge
for the temperature measurements. The Pt(111) surfaces (both sides)
were cleaned through repeated cycles of Ar+ sputtering (2 keV, 5 μA) at
300 K, followed by oxidation (PO2 = 5 × 10
−7 Torr) at 700 K, and finally
by annealing at 1100 K. The cleanness of the surface was confirmed by
AES and a sharp (1 × 1) LEED pattern. The VOx/Pt(111) model
surfaces were prepared via deposition of metallic vanadium from a
filament source onto the Pt(111) surfaces (both sides) at room
temperature, followed by an oxidation at 623 K for 10min and cooling to
room temperature in 1 × 10−7 Torr O2. The VOx coverage was
calibrated using the V/Pt AES ratio.
After the preparation and characterization in the UHV chamber, the
sample was transferred in situ into the elevated-pressure reaction cell
(0.5 L). Ultrahigh-purity O2 (Hong Kong Specialty Gases Co., Ltd.) and
research-purity (99.999%) propane (Foshan Kodi Gas Chemical
Industry Co., Ltd.) were further purified using a constant temperature
trap at the melting point of ethyl acetate before used. Typically, a C3H8/
O2 (1:1) mixture with a total pressure of 4 Torr was introduced into the
reaction cell at room temperature and then rapidly heated to the desired
temperature to initiate the kinetic measurements. After specific reaction
duration, the reaction gas mixture was pumped into the home-built
sample system and compressed into the GC sample loop for product
analyzing, as shown in Figure 1. The product analysis was performed
using a gas chromatograph (Agilent 7890) equipped with an Al2O3−
squalane column and a Porapak Q packed column, a thermal
conductivity detector (TCD), a flame ionization detector (FID), and
a methanation converter. The rate of propane conversion is expressed as
molecules·cm−2·s−1, which is calculated as molecules of C3H8 converted
per square centimeter surface area per second.
3. RESULTS AND DISCUSSION
3.1. Growth and Characterization of VOx/Pt(111)
Model Surfaces. VOx/Pt(111) was grown layer-by-layer on
the Pt(111) surface by deposition of V in 1× 10−7 Torr O2 at 623
K, as evidenced by the linear increase of the V/Pt AES ratios as a
function of the deposition time and a distinct breakpoint (Figure
2A). Figure 2B shows high-resolution electron energy loss
(HREEL) spectra of various VOx structures on Pt(111). The
VOx/Pt(111) at the coverage below 0.5 ML shows a strong
phonon at 128 meV (1032 cm−1), which can be attributed to the
VO stretching mode of OVOx species.34,35 It is worth
noting that such an OVOx species is unstable and forms two-
dimensional (2D) surface V2O3 domains on the Pt(111) surface
upon annealing in UHV (the second line from the bottom in
Figure 2B) or coadsorption with CO at room temperature, as
evidenced by a strong phonon appearing at 69 meV (556 cm−1),
which has been assigned to the asymmetric vibration of V3+−O−
V3+.36,37 When the coverage is further increased up to 1 ML, the
phonon peak at 128 meV disappears and the 69 meV phonon
appears, which exhibits a sharp (2 × 2) LEED pattern (see the
insets in Figure 2A). Such results reveal the formation of 2D
V2O3 domains at submonolayer and an overlayer at 1ML. On the
basis of these experimental results and the structural models
proposed for the V2O3/Rh(111) and V2O3/Pd(111),
38 a similar
structure model was proposed as shown in Figure 2C. At above 1
ML, a new phonon at 62 meV (500 cm−1) appears and
completely replaces the 69 meV phonon at 2 ML. This can be
assigned to the formation of a bilayer z′−VOx.38
3.2. Kinetics Study of the Oxidation of Propane. The
reaction kinetics of C3H8 oxidation was performed on the
Pt(111) and VOx/Pt(111) surfaces with various VOx coverages
at 373, 423, and 473 K, respectively. In the present reaction
conditions, the main products were CO2 and H2O. Selective
oxidation products, like propylene, oxygenates, and CO, were
either not detected or below 0.1% of the combustion product
CO2. This is consistent with previous reports that propane is
mainly completely oxidized on the supported and bulklike Pt
catalysts.11−14 Figure 3A shows the specific reaction rate for the
oxidation of C3H8 as a function of the VOx coverage. Clean Pt
surface is active for the oxidation of C3H8. At 373 K, the reaction
rate for the oxidation of C3H8 on the VOx/Pt(111) decreases as
the VOx coverage increases. In contrast, when the reaction
temperature reaches 423 K, the reaction rate increases
significantly with the increase of the VOx coverage until a
maximum is reached at a VOx coverage of about 0.3 ML, then
decreases with further increasing the VOx coverage. At 473 K,
such enhancements of the reaction rates for C3H8 oxidation on
VOx/Pt(111) are more significant.
3.3. IRAS Study of the Redox Properties. The redox
properties of a catalyst are crucial for oxidation reactions because
most hydrocarbon oxidation reactions occur via the Mars−van
Krevelen mechanism, which involves redox cycles of the catalytic
active components during the reactions.29,40 Two typical
Figure 3. (A) Reaction rates for the oxidation of C3H8 on the VOx/Pt(111) surfaces as a function of the VOx coverage at 373, 423, and 473 K,
respectively. C3H8/O2 = 1:1, Ptotal = 4 Torr. The total reaction times were adjusted to be 60, 10, and 2.5 min for the reaction temperatures of 373, 423,
and 473 K, respectively. (B) Simple statistic plots of the lengths of the perimeters of V2O3 2D domains as a function of the V2O3 coverage (θ): (a) ideal
case; (b−d) the factors of domain size increase were assumed to be 0.5%, 1% and 10%; (e) the factor of domain size increase was assumed to be 1% and
the probability of merging domains together was set to be 1%. The details of such simulation are shown in ref 39.
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surfaces, partially (0.9 ML VOx) and completely (3 ML VOx)
covered Pt(111) surfaces, corresponding to VOx−Pt interface
and VOx surfaces, respectively, were chosen to compare the
redox properties of Pt(111)-supported VOx by exposing the
samples prepared under UHV condition to 1 Torr of oxygen and
C3H8, respectively, and tracked by the home-built in situ IRAS.
31
The results are compared in Figure 4. When the 0.9 ML VOx/
Pt(111) was exposed to 1 Torr O2 at room temperature, a
vibration peak at 1038 cm−1 corresponding to the VO
vibration appeared, as seen in Figure 4A. This peak intensity
increased with the exposure time and reached stable at an
exposure time of 10min. Note that, before exposing to 1 Torr O2,
the VOx film was a surface V2O3. The appearance of VO
indicates the oxidation of the V2O3/Pt(111), as shown by a
proposed model in Figure 4G. The so-formed VO species was
stable under the UHV conditions, but reduced as exposed to
C3H8 at room temperature (Figure 4B) and reoxidized after
exposing to a mixture of 1 Torr O2 and 1 Torr C3H8 (Figure 4C).
These results reveal that the VOx−Pt interface exhibits high
redox properties at room temperature.
In comparison, for exposing the 3 ML VOx/Pt(111) to 1 Torr
O2, the IR intensity of VO species did not increase at room
temperature, but at 343−373 K (Figure 4D). The so-formed V
O bonds were hardly reduced by C3H8 at room temperature, but
completely reduced at 403 K, as seen in Figure 4E. The reduced
surface required a higher temperature to recover the VO
species upon exposing to the mixture of 1 Torr C3H8 and 1 Torr
O2. These results reveal that the redox properties of the
submonolayer VOx/Pt(111) is much better than that of the
multilayer one, i.e., the VOx−Pt interface is better than the
bulklike VOx. Such difference should be related to the substrate
Pt surface, either by an electronic modification or directly
involving the activation of O2 andC3H8. CO poisoning tests were
performed to distinguish these two effects, as shown in Figure 5.
When the preoxidized submonolayer OVOx/Pt(111) surface
is exposed to 1 Torr CO, there appears a vibration peak at 2085
cm−1 corresponding to the atop adsorbed CO on the Pt surface41
and a reversed peak at 1038 cm−1 indicating the reduction of V
O by CO (Figure 5A). Then when such reduced and CO-
adsorbed VOx/Pt(111) surface is exposed to a mixture of 1 Torr
O2 and 1 Torr CO at room temperature, the reversed peak of
VO failed to be resumed, i.e., the reduced VOx/Pt(111)
cannot be oxidized to OVOx/Pt(111) in the presence of CO.
In contrast, such reversed VO peak resumed eventually by
Figure 4. IRAS spectra for the 0.9MLVOx/Pt(111) exposed to (A) 1 Torr O2, (B) 1 Torr C3H8, and (C) amixture of 1 Torr O2 and 1 Torr C3H8, at 300
K and for the 3 ML VOx/Pt(111) exposed to (D) 1 Torr O2, (E) 1 Torr C3H8, (F) a mixture of 1 Torr O2 and 1 Torr C3H8; (G) side view of a possible
structure model for the V2O3/Pt(111) under vacuum (up) and exposed to 1 Torr O2 (down).
Figure 5. IRAS spectra for the preoxidized 0.9ML VOx/Pt(111) surface
at room temperature (A) exposed to 1 Torr CO (a), a mixture of 1 Torr
O2 and 1 Torr CO for 2, 4, 8, and 10 min, respectively (b−e); (B)
reduced by C3H8 (a), exposed to 1 Torr O2 for 2, 4, 8, and 10 min,
respectively (b−e). The preoxidized 0.9 ML VOx/Pt(111) surface was
used as the background spectrum. (C) Schematic formation paths of
OVOx on Pt(111) from V2O3 without (upper) and with (lower)
presence of CO.
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exposure toO2 only without CO (Figure 5B). These experiments
evidenced that the redox properties of VOx were promoted by
uncovered Pt, probably due to the spillover of oxygen from Pt
sites to VOx (Figure 5C), regarding that O2 can be dissociated
adsorbed on Pt surfaces below room temperature.42,43
3.4. Synergistic Effects. Kinetic results show that Pt only is
active for the oxidation of C3H8 even at low temperature (θVOx =
0, Figure 3A). A turnover frequency (TOF) of about 0.001 C3H8
molecules converted per second per surface Pt atom was
obtained at 313 K as shown in Figure 6. The monotonic decrease
of the reaction rate obtained at 373 K as adding VOx onto the
Pt(111) surface (Figure 3A) demonstrates that the VOx sites are
less active than the surface Pt sites. Moreover, the VOx blocks the
surface-active Pt sites. This is consistent with the high
adsorption/activation barrier of C3H8 (80−130 kJ/mol) on
vanadia-based catalysts.44 A higher reaction temperature (450−
700 K) is generally required for the oxidation of C3H8 on
vanadia-based catalysts.44 In fact, the reaction rate for the
oxidation of C3H8 on a VOx/Pt(111) surface is significantly
lower than that on the clean Pt surface, especially when the Pt
surface is completely covered by VOx (θVOx > 1 ML, Figure 3A).
These results support that the promotion effects of Pt on the
redox properties of VOxmay benefit from the spillover of oxygen
from Pt sites to VOx.
In contrast, at 423 and 473 K, the reaction rate for the
oxidation of C3H8 increased significantly as adding a small
amount of VOx onto the Pt(111) surface. Maximum reaction
rates are achieved at a VOx coverage of about 0.3 ML (Figure
3A). Statistic plots of the lengths of 2D VOx domain boundary as
a function of the coverage are shown in Figure 3B.41 Since the
VOx overlayer forms small 2D domains on the Pt(111) surface,
the domain sizes and the total Pt surface area covered by VOx
increase with the VOx coverage. However, the maximum length
of the domain boundary of VOx occurs at a low VOx coverage
which depends on the average size and size distribution of the
domains, as shown in Figure 3B. The similarity of the curve
shapes between the reaction rate of C3H8 oxidation and the
statistic length of the domain boundary as a function of the VOx
coverage on Pt(111) proposed that the interface of the VOx−Pt
is the most active region at above 400 K. This suggests that the
most active sites should be the boundary of the 2D VOx domains
on the Pt(111) surface. This is in line with that the redox
properties of VOx for the submonolayer VOx/Pt(111) is much
better than that of the multilayer VOx/Pt(111) from IRAS study
(Figure 4). The significance of the interface domain boundary




2 water gas shift reaction on
CeOx (or TiO2)/Au(111),
3 and 1-butene hydroisomerization on
Pt/Grafoil.45Where the best catalytic reaction rates, as well as the
length of the boundary, were also reported to be at a surface
coverage of around 30% of the total substrate area.3,4
The above results and discussion show that Pt can promote the
redox properties of VOx and VOx can promote the catalytic
activity for the oxidation of propene on Pt. The former may be
due to the spillover of oxygen from the surface Pt sites to VOx.
The latter can be understood from the following discussions.
First, although Pt is active for C3H8 oxidation at low
temperatures (see Figures 3A and 6), it was reported that the
initial sticking probability of C3H8 molecules on the Pt surface is
very low,16,46,47 particularly in the presence of oxygen in which
C3H8 adsorption is energetically competitive with oxygen.
48 This
can be realized from that the reaction rate of CO oxidation is 2−3
orders of magnitude higher than that of C3H8 oxidation on Pt at a
similar reaction temperature, i.e., the activation of O2 is much
faster than that of C3H8, leading to a chemisorbed oxygen
dominant surface.31,49 Such oxygen-dominant Pt surface may
suppress the activation/dissociation of C3H8, leading to a low
reaction rate of the oxidation of C3H8, as evidenced by a negative
reaction order to oxygen for the oxidation of C3H8 on Pt
catalysts.13,50 Second, many studies showed that the reaction
rates for the oxidation of C3H8 on Pt-based catalysts were
promoted significantly by additives which also enhanced the
sticking probability of C3H8.
13,16 Wilson et al.16 reported that the
initial sticking probability at 300 K for the chemisorption of C3H8
on the clean Pt surface increased from an immeasurable value to
0.02 ± 0.01 on the SO2 promotion surface, resulting in a
significant enhancement of the dissociative chemisorption and
subsequent combustion of C3H8. Zeolite was also found to
enhance the uptake of C3H8, leading to more than 2 orders of
magnitude enhancement in the propane combustion rate.13 It is
general that acid can strengthen the adsorption of alkane
molecules.51,52 The enhancement of activity for the oxidation of
C3H8 on Pt catalysts promoted by an acid VOx additive
15 may be
considered as increasing the initial sticking probability of C3H8.
In fact, deduced from the Arrhenius plots in Figure 6, the pre-
exponential factor is 1.7 × 1028 molecules·cm−2·s−1 for C3H8
oxidation on the 0.3 ML VOx/Pt(111), which is more than 4
orders of magnitude higher than that of 9.1 × 1023
molecules·cm−2·s−1 on the Pt(111).
Figure 6 shows Arrhenius plots of the C3H8 oxidation on the
clean Pt(111) and 0.3 ML VOx/Pt(111) surfaces. The apparent
activation energies are 74 and 108 kJ/mol for the Pt(111) and 0.3
ML VOx/Pt(111) surfaces, respectively. Note that it is difficult to
estimate the activation energy for the oxidation of C3H8 on the
multilayer VOx/Pt due to the significantly low reaction rates
under the present examined conditions. The plots for 0.3 ML
VOx and Pt(111) intersect at 400 K (threshold temperature).
These results suggest that, below 400 K, the reaction rate for the
oxidation of C3H8 on the VOx−Pt interface is lower than that on
the platinum surface even though C3H8 can be oxidized on the
VOx/Pt(111) surface at room temperature (as shown by the
IRAS data in Figure 4 that VOx can be oxidized by oxygen and
subsequently reduced by C3H8). Thus, below the threshold
Figure 6. Arrhenius plots of the C3H8 conversion rate on the clean
Pt(111) and 0.3 ML VOx/Pt(111) surfaces.
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temperature, the less active VOx species locates on the much
active Pt sites, leading to a decrease of the total activity. Above
this temperature, due to that C3H8 oxidation on the VOx−Pt
interface is now faster than that on the Pt-only sites, the total
reaction rate increased as the VOx coverage increased. A
maximum reaction rate was achieved at about 0.3 ML, and
above 1ML (corresponding to a complete cover of the Pt surface
by VOx) the rate was significantly lower than that on the clean Pt
surface. This result is consistent with the IRAS results, which
show that the redox properties and the reactivity to C3H8 of the
multilayer VOx are lower than those on the submonolayer VOx,
i.e., VOx−Pt interface.
The apparently different effects at below and above 400 K
suggest that there exist at least two kinds of surface-active sites,
the surface Pt sites and VOx−Pt interface sites, and that the
electronic effect may not be the key role corresponding to the
promotion effects of VOx on Pt for the oxidation of C3H8.
Synergistic effects between the VOx and Pt may correspond to
the promotion by VOx. Figure 7 shows the simple schematics of
the activation of C3H8 at the O/Pt surface and VOx−Pt(111)
interface. On the Pt surface, C3H8 is activated at the Pt sites
associated with the surface chemisorbed oxygen, but it is
somewhat suppressed if the coverage of the surface oxygen is
near saturate. On the VOx−Pt interface, C3H8 is activated either
at the OVOx group or at the Pt sites neighboring to the VOx
and may be associated with chemisorbed oxygen on the Pt
surface. And the Pt surface may supply active oxygen for
reoxidizing the VOx species during the catalytic reaction,
resulting in a significant enhancement of the catalytic activity.
Supported vanadia has been extensively studied for the
oxidative dehydrogenation of propane (ODP) in the past 3
decades.17−22 Especially, the isolated VOx species has been
shown to possess a much higher selectivity for C3H6.
23,24,53 The
lower coverage VOx/Pt was hence expected to produce some
selective oxidation products, like C3H6 and CO. However, the
unselective product of CO2 was found as the main product in the
present study. This may be due to the presence of Pt and
sufficient O2. Note that, although a typical C3H8/O2 ratio of 1:1
was used, the conversion rate was normally controlled to be
below 10%, i.e., only a small amount of O2 was consumed.
Numerous studies have shown that CO2 was the main product
for the oxidation of C3H8 on Pt-based catalysts.
11−16 Except in
some special cases, like subnanoscale Pt particles (Pt8−10),
54 very
short contact time,55 and high reaction temperature,56 partial
oxidation products were observed. In fact, even on a supported
vanadia catalyst, it may turn to be unselective if the O2/C3H8
ratio is high.57−59 And it was reported that the AlVOx species
calcined at 753 K is selective for ODP but becomes less active,
and totally unselective (produced only CO2), after being calcined
at 973 K.60 Obviously, the activity and selectivity of a vanadia
catalyst are not only related to the structure of VOx but also the
bond strength of the oxygen, reaction atmosphere, and other
aspects. More work is required to understand themechanisms for
the oxidation of alkanes.
4. CONCLUSIONS
A special sample system was successfully designed for model
catalysis studies, which can guarantee a reliable analysis of the
trace amount of reaction products, especially for the catalytic
conversion of light alkanes in the presence of oxygen. Two
catalytic active sites exist on the VOx/Pt(111) surface for C3H8
oxidation: Pt-only sites present a lower activation energy but a
low sticking probability on an oxygen-rich surface; the interface
of the VOx−Pt possesses a higher activation energy but higher
sticking probability. Such characteristic results in that C3H8 is
predominantly oxidized on the Pt sites at low temperatures, while
on the VOx−Pt interface at higher temperature. The number of
the active VOx−Pt interface sites (boundary of the VOx
domains) is a function of the VOx coverage on Pt(111), leading
to a maximum reaction rate observed at a VOx coverage of about
0.3 ML. The high reaction rate that occurred at the VOx−Pt
interface can be contributed to the synergistic effects, in that Pt
promotes the redox properties of VOx and the VOx enhances the
sticking probability of C3H8. These results should help in
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Figure 7. Simple schematics of the proposed activation paths for C3H8 on the Pt(111) and VOx/Pt(111) surfaces.
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